


OL. VI, No. 10 DECEMBER, 1945 


BORDEN’S REVIEW 
of 
TRITION RESEARCH 











PROTEIN CONCENTRATES IN 
NUTRITIONAL EMERGENCIES 


I. Hypoproteinemia 





BORDEN’S REVIEW 
of 
NUTRITION RESEARCH 


Reviews and summaries of research information 
concerning nutrition and foods. Edited by Ruth 


Woods. Published monthly, except July and 
August, by THE BoRDEN COMPANY; Officers of the 
company: Theodore G. Montague, president; E. L. 
Noetzel, treasurer; T. D. Waibel, secretary. Editorial 
office: 350 Madison Avenue, New York 17, N. Y. 












PROTEIN CONCENTRATES IN 
NUTRITIONAL EMERGENCIES 


I. Hypoproteinemia 


The problems concerned with the nutritional rehabilitation of the people 
of war-torn countries have been facilitated by recent research in the field of 
protein concentrates. To the outstanding achievements concerned with the 
use of vitamins and minerals, there have now been added methods for supple- 
menting diets with vital protein concentrates. These concentrates are provided 
either as crude protein foods such as casein, skim milk powder, soy bean flour, 
meat, wheat germ and dried yeast, or in pre-digested form, as protein hydroly- 
sates. They provide a source of essential amino acids in a readily assimilable 
form. The hydrolysates may be administered orally or parenterally; the crude 
proteins, of course, must be fed by mouth. The availability of pretein con- 
centrates makes possible the provision of liberal amounts of protein without 
the inconvenience of increasing the bulk of the diet beyond practicable 
limits. Such concentrates are of particular value where protein nutrition is 
impaired either through starvation, inanition or inability to eat certain foods, 
or through pathologic failure of the digestive and absorptive mechanisms. 
Protein concentrates have been of great assistance in emergency conditions 
requiring immediate nitrogen supply to counteract and to replace severe 
tissue losses such as occur following severe wound injuries, extensive burns 
or surgery. 


Early Developments: 


Although the high protein value of such foods as powdered milk, yeast, 
dried liver, etc. has been known for some time, their importance for thera- 
peutic purposes has only recently been recognized. The similar use of hydro- 
lyzed proteins has an interesting history which dates back several decades. 

About forty years ago, Abderhalden e¢ a/ (1) administered predigested 
lean beef to patients via the rectum and were thereby successful im main- 
taining a positive nitrogen balance in these patients. More than ten years 
later, Greisbach (2) reported similar success in the utilization of rectally 
administered amino acids. Still further evidence as to the practicability of 
using hydrolyzed proteins to maintain nitrogen balance under conditions 
precluding adequate protein intake was advanced in 1937 by McClendon 
and associates (3). In the following year, Elman and Weiner (4) reported 
the first successful attempt to introduce protein hydrolysates intravenously 
to human beings. This made possible for the first time the maintenance of 
an adequate level of nutrition through intravenous feeding — a procedure 
formerly limited to the use of glucose and saline solutions (providing 
energy and maintaining blood volume) and more recently, partially en- 
hanced in nutritive value by the inclusion of mineral salts and the water- 
soluble vitamins. 
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Proteins in Metabolism: 


The highly specific functions of the proteins and their component amino 
acids in the body economy, as well as their requirements under normal con- 
ditions, have been discussed in detail in previous issues of this Review.* 
In brief, proteins are required for growth and repair of body tissues; for the 
synthesis of hemoglobin, hormones, complex vitamin and enzyme systems 
and immune bodies; for the synthesis and maintenance of blood plasma 
proteins and consequent regulation of blood volume and body protein 
balance; for detoxification purposes and, occasionally, for fuel and energy. 
In addition, individual amino acids may have important specific functions, 
not only, for example, in hormone synthesis (as tyrosine in thyroxine forma- 
tion), but in roles analagous to those of the vitamins. Thus, valine deficiency 
has been related to muscular weakness, arginine deficiency to azoospermia, 
tryptophane deficiency to the incidence of dental caries. 


Hypoproteinemia: The term, hypoproteinemia, although literally 
referring to a decreased level of protein in the blood plasma, is frequently 
used to indicate general depletion of body proteins as well. The existence 
of a dynamic equilibrium between plasma and body tissue proteins, first 
postulated as a result of biological studies by Melnick e¢ al (5a) and by 
Whipple and associates (5b), was unequivocally established by the isotope 
researches of Schoenheimer's group (6). Because of this intimate interrela- 
tionship and because of the relative facility with which plasma protein levels 
may be measured, the plasma protein level is used as a diagnostic index of 
general protein nutrition of the body. Since plasma proteins are maintained 


at the expense of body tissue stores, the evaluation of plasma protein levels | 


must include an estimation of the condition of these reserves. Hypoprotei- 
nemia leads to edema, lowered resistance to infection, retardation of wound 
healing and fatigue, and in advanced stages, to muscle atrophy and emacia- 
tion. Following are some of the more common factors, singly or in com- 
bination, in the development of hypoproteinemia. 


Inadequate Intake: The most common, non-pathologic cause of hypo- 
proteinemia is insufficient intake of biologically adequate protein foods such 
as milk, eggs, meat, fish, cheese and the like. Dramatic illustration of the 
consequences of severe hypoproteinemia is everywhere evident among liber- 
ated prisoners of war and among the starving peoples of Europe and Asia. 

Contributing to the development of hypoproteinemia is the intake of a 
diet deficient not only in good quality protein, but in actual caloric value. 
In such cases, the protein intake, although adequate, may be diverted to the 





*cf.—Borden's Review of Nutrition Research, November, 1942—‘“The Newer Knowledge of 
Milk in the Management of Peptic Ulcer’; May, 1943—‘“Influence of Dietary Factors on the 
Regeneration of Blood Plasma Proteins’; June, 1944—“The Nutritive Value of Soybeans”; 
January, 1945—‘“The Amino Acids in Nutrition’; October, 1945—‘‘Isotopes in Nutrition Research.” 
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production of energy because of the lack of sufficient carbohydrate material 
for this purpose. 

The ingestion of a diet low in protein or calories or both may occur not 
only because of various degrees of food privation but as a result of food 
fads, dietary restrictions due to illness, lack of appetite, ignorance or neglect. 

Experimental proof for the direct relationship between low protein diets 
and the development of hypoproteinemia resulting from impairment of 
plasma protein synthesis was demonstrated by Weech and Goettsch (7)*. 
In their studies they found beef serum, egg white, milk and casein to be 
outstanding in their ability to stimulate regeneration of the plasma proteins. 


Faulty Digestion and Absorption: Various disorders of metabolism are 
among the significant pathologic causes of malnutrition with resultant hypo- 
proteinemia. Such disorders, by interfering either with normal digestion or 
absorption, prevent utilization of protein foods even if they are adequately 
provided in the diet. Interference with the manufacture and secretion of 
digestive juices and enzymes resulting from achlorhydria or excessive use 
of antacids for digestive upsets, for example, leads to failure in the protein- 
splitting mechanism thereby preventing ingested proteins from being trans- 
formed into utilizable, amino acids. Abnormalities and mechanical obstruc- 
tions of the digestive tract resulting from disease, essential surgery, or atrophy 
due to prolonged starvation likewise predispose to hypoproteinemia by pre- 
venting adequate absorption of normally digested proteins. Lastly, excessive 
loss of ingested protein food through extreme vomiting or diarrhea obvi- 
ously nullifies the protein intake and results, among other things, in severe 
hypoproteinemia. 


Disease: Dysentery, ulcerative colitis, sprue and celiac disease are typical 
conditions in which protein deficiency is apt to develop, particularly because 
of extreme diarrhea. Diseases characterized by chronic bleeding—ulcers, 
intestinal carcinomas, uterine fibroids—likewise precipitate hypoproteinema 
by depletion of plasma proteins through prolonged blood loss. Excessive 
protein loss through albuminuria resulting from kidney disease exacts a 
severe toll upon plasma proteins and may deplete body protein reserves. 
Injury to blood vessels, through mechanical or chemical means, or as a result 
of severe burns, may so alter cell permeability as to permit loss of blood 
proteins through exudation. In the same manner continuous drainage of pus 
(as in peritonitis, osteomyelitis) represents an additional pathway for the 
loss of protein material. Damage resulting from surgery may cause not only 
alterations in cell permeability, permitting leakage of proteins, but actual 
breakdown of tissue protein, as well as severe hemorrhage, thereby contrib- 
uting significantly to protein losses. Liver disorders and infections may im- 





*cf.—Borden’s Review of Nutrition Research, May, 1943—‘The Influence of Dietary Factors 
on the Regeneration of Blood Plasma Proteins.” 
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pair plasma protein regeneration and, thereby, act as additional causes of 
hypoproteinemia. 


Heightened Metabolism: Alteration of the basal metabolic rate resulting 
in a speeding up of metabolic processes causes rapid utilization and deple- 
tion of body protein unless compensated for by a proportionate increase in 
dietary protein. Heightened metabolism occurs normally during pregnancy 
and lactation when the nitrogen demands of the fetus impose a strain on 
maternal stores and when milk formation represents a constant depletion 
of plasma protein. Febrile disorders and hyperactivity of the thyroid rep- 
resent typical pathological conditions where metabolism is heightened and 
protein material is rapidly consumed. 


Role of Protein Concentrates: 


The normal daily intake for protein should be, according to National 
Research Council recommendations, one gram per kilo of body weight or 
about 70 grams for the average adult. This quantity may be supplied by an 
adequate diet a typical composition of which may be (8): 


Table 1. 

SE IE icpinteccovensnsernenssinnaieinaipnliaaianiginucsentinntionn 15 grams protein 
I TO ain cisinevincsinienintinitsienatiiomsatipiniiis 18 grams protein 
FD seiiatitnteninitimiaintnesapeacmnmineayaneislicnnanccignanieaaictinsbiin 6 grams protein 
I AE FIN: irc cicesicitrnicceninnicniinennensssninannitaeninense 6 grams protein 
IG IIE: cctectisaicerensnsomscnipiasitainenseniniconintatinnicienianions 2 grams protein 
Other vegetables (5 servings) ................-........c-cc0se0- 3 grams protein 
I er ID eciniccrenseseiinncesenlonseinniemiaistieentnitie 2 grams protein 
I ED eintsitciinsctenrenncenstaicrseninniniectsanditabibintatgians 18 grams protein 

Picts nsinanincsnmnitininsiaascisnsnicnbeinntiionnibiiinnie 70 grams protein 


In hypoproteinemic conditions such as the foregoing, the need for greatly 
increased protein intake is clearly indicated. The 70 gram protein inake may 
be increased to 100 grams of protein by the addition of one more glass of 
milk, an egg, another serving of peas or beans, one more ounce of meat and 
a serving of cheese. In severe hypoproteinemia, however, the requirement 
may far exceed 100 grams. In a large majority of cases it is either impractical 
or impossible to administer a diet containing the extremely large amounts 
of protein required. In ill patients, anorexia as well as the inability to tolerate 
food, may be common symptoms; weakness may prevent eating; the various 
disorders impairing digestion and absorption may be present; lastly, the 
protein requirement may be so high — and so urgent — as to be impossible 
to supply by the amounts of food capable of being ingested by even a well 
individual. Under such circumstances the use of protein concentrates as such, 
or in predigested form constitutes an important source of supplementary 
protein for oral feeding (Table 2). Where oral feeding is difficult or im- 
possible, protein may be administered by nasal tube. Highly nutritious foods 
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Table 2.—Protein Concentrates for Oral Administration (8). 











TaN IN, isis ttnicintnresninninnnissipissieinthrslshiiimniiancianesiinn 20 per cent protein (Nx6.25) 
We RII: ssdaisusinuisedinbisesscodissahdekentiecbegimmcacachuiiin 32 per cent protein 
RIP IID ssicnnnsccisnnacreincsiicisicmsissndtencsaniaieariksens 35 per cent protein 
ELENA A AO OARS HO 35 per cent protein 
UN EN ci snvicsnessisidapiesimnininainenineniaiesitoiadianntt 45 per cent protein 
IIT i canpsSdinnpesesiebasiabidpeninctbentiioertal 45 per cent protein 
Re III" sss oniscptincisenaisoyeincencdicecominiionmnaiinnauaicindnis 45 per cent protein 
EE ROMA EATEN OTE 50 per cent protein 
FF IE nteiniiemancnccninotineniniiinniacintatsninngnticiininiv 75 per cent protein 
Casein (crude, edible variety) ...............-...+---- 85 per cent protein 





*Commercial preparations. 
+tDigest of wheat, beef, milk and yeast proteins. 
tDigest of casein. 


When the digestive tract is incapable of coping with foods, due to disease 
or the need for temporary rest, even tube feeding must be omitted. At such 
time the intravenous administration of pre-digested (hydrolyzed) proteins 
or of amino acid mixtures becomes expedient. 

Protein hydrolysates — essentially a concentrated form of pre-digested 
protein — provide a readily utilizable source of protein material in the form 
of amino acids or slightly larger breakdown products, peptides. The hydro- 
lysates are prepared by digestion of special proteins with acids or by enzymes. 
Since they are derived from proteins such as milk casein, they are of high 
biological value and are satisfactory sources of nitrogen for maintenance 
and for growth. Some hydrolysates require the addition of the amino acid, 
tryptophane, which is destroyed during hydrolysis with acid. 


Table 3.—Problems of Medical Interest Relating to Protein Foods. 





Physiologic: Pathologic: 
Growth: Convalescence 
Pregnancy Wound healing 
Bone formation Fatigue 
Blood formation Edema 
Lactation Obesity 
Appetite—hunger Impaired gastrointestinal absorption 
Adsorption of other nutrients Wasting diseases 
Immunity and resistance Diseases of liver and kidney 





Protein hydrolysates may be limited in their application because of the 
possibility of pyrogenic or fever inducing reactions, bacterial contamination, 
objectionable taste, or inability of a severely damaged liver to cope with 
amino acid metabolism (9, 10, 11, 12). Nausea and vomiting may also occur 
if too rapid administration is permitted. The possibilities of anaphylaxis 
due to the presence of unhydrolyzed protein and of pyrogenic reactions have 
been reduced to practically negligible proportions through rigid laboratory 
control, while precautions in maintaining sterility of hydrolysate solutions 
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will prevent growth of harmful bacteria. Taste resistance to oral solutions 
is said to be very strenuous. The realization that these hydrolysates are to 
be regarded as medicinals rather than as foods may aid in their acceptance. 
Where oral administration is indicated, the use of protein food concentrates 
such as casein and powdered skim milk, provide more palatable and readily 
acceptable forms of protein. Use of these preparations has been of outstand- 
ing value in many clinical conditions (Table 3), some of which will be 
described in the following issue of this Review. 
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